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the Aerospace Medical Research Laboratories and that discussed in theoretical terms by Clark et al. (1964) , and illustrates well the point made by Mundie et al. that the computer is 'an amorphous laboratory instrument.... With adroit application .. . it is possible to create a specific tool for the job at hand.' Thus this system, which was developed primarily to study cortical evoked responses, is also used to present the perceptual test described above. Automated Instructional Techniques in the Rehabilitation ofPatients with Head Injury The purpose of this paper is to sketch a possible line of future development in man-machine system technology which may prove to be of considerable importance for the rehabilitation of the disabled. It will be suggested that exploitation of our rapidly growing power to handle information may provide a means of helping the disabled to a more acceptable position in society than they are able to achieve at present.
The approach has been directly inspired by the needs of patients recovering from severe head injury (Lewin 1968) , although it has much wider implications. Head injury patients have a much greater importance for the development of new rehabilitation techniques than is indicated by the actual numbers needing help, since they present a wide range of problems and thus provide both a valuable opportunity for research and a yardstick by which its usefulness can bejudged.
Aims ofRehabilitation
The aim of rehabilitation is to requalify the individual patient for an acceptable position in society when this has been lost as a result of disablement. Townsend (1967) , in a recent study of some of the problems of the disabled in our present society, has concluded that, while the majority of the disabled are keen to achieve independence and social integration, society tends to segregate them and give them an inferior social role.
A key factor in the restoration of social position following disablement is the provision of suitable employment. Townsend's study draws attention to the plight of the many disabled who are unable to find suitable jobs. All too often at present, it seems, we are content if a disabled person is able to get some kind of work; often little is done to ensure that the work is such as to bring out the individual's full potential or to meet the needs of society. But there is little point in merely enabling the disabled to compete for jobs which are already oversubscribedtechniques must be developed which will allow the disabled to go into the jobs with the greatest long-term potential.
In the decade 1950-60 the number of employed persons in the United States of America increased by 14-5 %, but the number of electrical and electronic technicians by no less than 679-2%, a growth rate over forty-five times that of the total labour force (Rutzick & Swerdloff 1962) . These figures illustrate the way in which expansion in a modern industrial society creates a disproportionate demand for certain types of skill, and there are already signs that technicians are in increasing demand in this country.
Technicians have only recently come to be recognized as a distinct group of occupations, and it is difficult to give any description of the technician role beyond considering a typical technician task such as the repair of a faulty item of equipment. Cotgrove (1960) suggests that the essential feature of a technician's job is that it requires him to apply theoretical knowledge to the solution of practical problemsas when, in repairing equipment, he has to interpret his findings and decide what to do next on the basis of his interpretation.
If techniques could be found which would allow the disabled to carry out the kinds of task that at present need technicians, we would have a means of allowing the disabled to compete on equal terms for jobs that need to be done, and we should be giving them an opportunity to achieve an acceptable place in society.
Man-machine Partnership
An examination of current thinking apout the automation of industrial processes suggests a trend towards the development of man-machine systems in which each element, man or machine, plays the role to which he, or it, is best fitted, and upon which the other reliesan approach which may be called man-machine partnership. This allows us to think of automation as the replacement of a natural systemthe manby a more powerful hybrid systemthe man and the machine, working in co-operation.
Consider, for example, a man using a hammer to knock in a nailthe combination of man and tool is more effective than the man alone. Again, an artificial hand may be thought of as a special tool which allows a man, disabled by the loss of a hand, to carry out a task that would otherwise be beyond him. Can this approach be extended to Section ofPhysical Medicine 'higher' skills? Is it possible, for example, to provide an artificial memory for the head injury patient who has difficulty in remembering? Suppose we ask a technician to repair a faulty item of equipment and record everything he does until the equipment is working again. We then give him a second item of equipment with a different fault, and repeat the procedure. We go on until we have recorded the way in which he deals with every possible combination of faults that the equipment may present. If the information in our records could be organized to give step-by-step instructions for the repair of the equipment it would allow an unskilled person to do the technician's job. This would be an example of the use of a repair algorithm, a general term for a procedure fox solving a particular class of problem .
Is it possible, therefore, to design a system that will allow a disabled person to use repair algorithms? Newman & Scantlebury (1967) have developed a system at the National Physical Laboratory based on an original idea that people might be able to perform tasks far beyond their unaided intellectual capacity if these tasks were reduced to a program of elementary instructions, and the individual were guided through the task by a machine which presented him with instructions and responded to information obtained by him as a result of carrying out the instructions.
In this man-machine system the human contribution is perceptual and motor skill, while the machine stores the repair algorithm and makes its information available as and when it is required.
Newman & Scantlebury wrote a program for their machine which was found in practice to enable completely unskilled people to find and repair faults in a piece of electronic equipment. The program contained subroutines for teaching soldering and the use of an oscilloscope, and a main fault-finding and repair routine. In all, over 1,000 people from a wide range of occupations used the program and none failed to repair the equipment completelya result which Newman & Scantlebury refer to as being 'quite startling'.
One of the results of cerebral damage can be difficulty in the acquisition, storage and execution of plans (Miller et al. 1960 ) and head injury patients might be helped considerably by being given access to algorithms, but we should also ask whether relief from the need to remember how to do things might be of more general advantage. Perhaps, by expecting people to learn procedures, we are to some extent impairing their ability to adapt to changing circumstances. If information that is likely to go out of date is stored externally, in a machine, and people are only expected to learn the things that will not change, such as how to solder, we may have a means of keeping pace with industrial changes.
Rehabilitation Technology
The successful implementation of the approach outlined in the preceding section depends on an accurate knowledge of the respective capabilities of men and machines, particularly when the design of man-machine systems that will accept the disabled is being considered. In view of Newman & Scantlebury's striking demonstration of the power of man-machine partnership, it might seem strange to emphasize the need for fundamental research, but it would be foolish to risk failure without the means to learn from it, since this could easily lead to the whole approach being wrongly discredited.
It seems best to start by looking for areas of overlap with other problems in medical and industrial practice. Some of these may provide far more suitable areas of application for the techniques in the short term; and, provided that the long-term objectives are not lost sight of, success in these areas may lead to a more rapid acceptance of the approach than a direct attack. Gedye & Gaines (1967) have recently outlined a design for a new type of communication system in which the interface between communicators assumes an 'active' as opposed to the traditional 'passive' role in the interaction. Active interfaces can be used clinically to assess an individual's capabilities, either indirectly, by questioning, or directly, by seeing how he deals with certain types of problemthe amount of help that the interface has to give being used to provide a measure of the patient's ability. This approach has been applied to the assessment of geriatric patients (Gedye 1966 , Gedye & Wedgwood 1966 .
Applications in MedicalPractice

Applications in Industrial Practice
A recent examination of industrial needs in the areas of training and retraining by the Training Department of the Ministry of Labour (Martin 1967) has pinpointed the lack of means for the assessment of training effectiveness as an important limiting factor in the development of more successful training techniques. Better techniques for evaluating a trainee's progress may do much to improve the individual quality of his training, and at the same time allow a more flexible form of organization of training courses. Techniques based on the active interface might do much to meet this need, and could lead to an important area of overlap between medical and industrial problems.
How can techniques based on the principle of man-machine partnership be introduced into industry in such a way as to cater for the needs of the disabled? The onus is on those concerned with rehabilitation to demonstrate that this approach will result in the disabled being able to produce acceptable work. To do this, technician-demanding activities must be built up within rehabilitation centres which will be close enough to the needs of industry to attract interest if success is achieved. One way would be to orient such 'industrial' activities to the needs of educational establishments. Could such centres undertake, for example, the production and maintenance of classroom equipment for schools and colleges in the area? With the growth of new techniques of teaching in mathematics and science, there is an increasing demand for equipment of this type. This would allow a gradual approach to the standards of industry, while at the same time meeting a real need in society. Furthermore, the coming together in joint projects of those working in the rather separate fields of 'education' and 're-education' may well be of mutual advantage.
Summary
The fundamental problem of the living organism is survival, the achievement of which depends on the ability to adapt to changes in the environment. In a rapidly changing modem society we need to improve our techniques for adapting to environmental change. One way of doing this may be to increase our use of external memories to store information that is likely to date rapidly. Such developments may have considerable implications for the disabled. Rheumatoid arthritis may vary widely in its degree of severity. At the time of first presentation, in consequence, a correspondingly great variation in the pattern of radiological change in bone and soft tissue may be expected. Although radiological changes may lag considerably behind diagnostic clinical criteria, certain features usually provide valuable confirmatory diagnostic evidence in the acute and sub-acute stages. Synovectomy as a therapeutic measure is being more commonly adopted and, since it is desirable that this should be performed before significant destructive change has occurred, radiological detection of minimal abnormalities is receiving increasing attention.
These abnormalities are essentially related to synovial inflammation and proliferation and to associated hyperemia. While the disease may occasionally affect a single joint alone, polyarticular manifestations are more usual, the small joints of the hands and feet being especially prone to involvement. The examination of both these areas is always advisable in this diagnostic quest. Fine radiographic detail and magnification are frequently essential to enable recognition of minimal lesions.
Soft tissue thickening, especially round the joints of the fingers and toes, may be detected in the radiograph. While this is equally prominent on clinical examination, this should alert the radiologist to search for evidence of subarticular decalcification and periosteal reactions on the adjacent diaphyses. These changes, which are reversible if the attack subsides promptly, are considered to be due to hyperemia. Their presence is no guide to the rate of development and ultimate site of more characteristic stigmata of the disease.
Para-articular erosions provide the most typical sign, being related to the synovial attachments and being shown most usually on the bases of the proximal phalanges of the hands and feet and the heads of the metatarsals and metacarpals. In the last site, the synovial attachments in the valleculh may be concealed in standard projections. Supplementary projections to show these more clearly may be of value and, indeed, reveal
